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ABSTRACT

During recent planning activities at KSC, two areas of

ignificance have received considerable attention. Both are
aJIecL]y concerned with launch-crew cr flight-crev salety and
will affect the length of Saturn V launch countdonu and scrub-
turnaround cperations. The two areas (S&A device connectiorn/
disconnection and the final LV/Range command checks), although
separaited operationally by time, are directly reldtcd to each
other both in circuitry and hardware.
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: Background information including the most reccent KSC
activities are discussed to familiarize the reader with previous
criteria and current considerationce/decisions. A description cof
the related hdrd“dre, circultry, ordnance characteristics, and
operations are included.

An assessment of the hazards involved with both
operations along with the electrical, mcchanical and procodusa)
safeguards implemented resulted in tre Tollowing rocommendation::

S&A De evice Connection/Disconnection

1. That S&A device connection/disconnection be allo
oy with the [MSS and personnel at the launch pad.

52
no

That the personnel cleararnce reguirements prescntly
advocated by KSC Safety (lﬁberhal to the SV below
the CSM) be maintained to prevent interference with
or distraction Lo the ordnance crews.

Inc.)

3. That KSC and/or MSKFC give due consideratvion to the
items discussed under conclusions 7 through 11.

Final IV/Range Command Checks

{NASA-CR-73533)
OPERATIONS DURING SATURN 5 LAUNCH COJNTDCWNS

{Bellconm,

1. That the last DR3CR check after final decoder/
~command receiver power-up be retained for final
FTS5 launch confidence
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Abstract

2. That decoder/command receiver power-up with S&A
device ordnance connected, not be considered a
particulerly hazardous operation and pad access
for the SC closeout crew (or any justified crew)
be considered based on-need and other operational
alternatives. Obviously, if clearing the launch
pad does not penalize the operation adversely,
it would be desirable to continue to do so.

3. That the. earlier DRSCR check be implemented and
retained (at least for AS-503/LM-3/CSM 103), for
the reasons stated in conclusion no. 4, until
such time that experience indicates that the
confidence level would not be significantly
decreased by its elimination.

b, That as long as the early DRSCR check is

' retained, it not be considered particularly
hazardous and access be allowed similar to
item 2 above.
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MEMORANDUM FOR FILE

1.0 INTRODUCTION

During recent planning activities at XSC, two areas of
gignificance have recceived considerable attention. Both are
directly concerned with launch-crew or flight-crew safety and
will affect the length of Saturn V launch countdown and scrub-
turnaround operations. The two areas (S&A device connection/
disconnection and the final LV/Range command checks), although
separated operationally by time, are directly related to cach
other both in circuitry and hardware.

Background information including the most recent KSC
activities are discussed to familiarize the reader with previous
criteria and current considerations/deccisions. A description of
the related hardware, circuitry, ordnance characteristics, and
operations are included as Addendums I through IV. A list of
abbreviations can be found in Table 3.

2.0 BACKGROUND INFORMATION

Safety and Arming (S&A) Device Connection/Disconnection

The original criteria established for connection/dis-
connection of the S&A devices on LC-39 required clearance of all
personnel (except those directly involved in the ordnance oper-
ation) from the LUT and immediate pad area. As a result of the
inherent MSS/primary damper 35-foot constraint,¥ KSC Safety
required that the MSS be at the imaginary 35-foot point and
moving towards 1ts park-site prior to S&A connection. It was
conversely required that the MSS remain ocutside the 35-foot point
until S&A disconnection was completed.

The AS-501 CDDT revealed that for unmanned Saturn V
countdowns where SC closeout is performed prior to LV cryogenic
loading, a significant amount of serial time would be regquired
unless SC closcout operations could be performed concurrent wiih
LV S&A connection. KSC Sarety agreed to allow the concurrent

¥Because of a physical interference between the primary damper
arm and the MSS, the damper cannot be lowered or raised unless the
M5S is some minimum distance away from its pad position. Thirty-
five feet was adopted as a good "talking" distance for documentation
purposes. '



|

BELLCOMM, INC.

operations with a restriction on the size of the SC closeout
crew. This plan was implemented successfully on the AS-501
launch countdown and subsequently also for the AS-502 countdowns.

LV/Range Command Checks

During the AS-501 launch countdown, the Digital Range
Safety Command Receiver (DRSCR) checks were performed as follows:

a. open and closed-loop from the Range with the
pulse sensor units prior to S&A connection --
AT-14 1/2 hours

b. closed-loop from the Range with the S&A's
connected -- aT-36 minutes

On AS-502, the same checks were performed at about T-16 1/2 hours
and T-33 minutes, respectively.

The early checks are an end-to-end test. The Explod-
ing Bridgewire (EBW) Firing Unit (F/U) is actually charged and
then triggered to discharge through a pulse sensor unit which 1is
connected in place of the EBW detonator. The late checks (closed-
loop) involve charging the EBW F/U and discharging it through its
built-in bleeder circultry; also, verifying the Destruct command
(blocked from reaching the now-connected EBW detonator) with
_telemetry and the Electrical Support Equipment (ESE).

Related Activities

Subsequent to the AS-501 launch, the author conducted
a study¥* of the Mobile Service Structure (MS8S) with respecct to
how it constrains LC-39 operations. At that time, KSC Safety
interpreted their S&A clearance criteria (MSS at least 35 feet
from SV) as being personnel -- not hardware oriented. Based on
this interpretation, the referenced study revealed that signifi-
cant benefits to Saturn V scrub-turnaround operations would be
realized from an earlier return of the MSS, prior to S&A ordnance
operations. That technique was presented to the Saturn V Count-
down Working Group (CDWG) and subsequently agreed upon by the
members which included KSC Safety. The CDWG, as part of its
scrub-turnaround planning activity, adopted the technique and
determined that it would be implemented in all Saturn V scrub-
turnaround planning subsequent to AS-502.

¥Bellcomm Technical Memorandum TM 68-2032-1, "Analysis of
Operations and Constraints Associated wilh the Mobile Service
Structure (1MSS) at Launch Complex 39," Case 320, dated Hay 8, 1968,
by G. J. lMecPuerson.
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3.0 RECENT ACTIVITIES

S&A Connection/Disconnection’

Subsequent to the launch of AS-502, LVO suggested that
the CDWG consider a similar technique during the launch countdown,
that is, retain the IS5 at the launch pad later iIn the counidown
until after completion of S%A ordnance connection activities.
This approach would provide significant benefits to both LVO and
SCO in the form of a shorter launch countdown and SV access via
the MSS closer to T-0. During the ensuing discussions within the
CDWG, it was decided that consideration should also be given to
relaxing personnel clearance requirements during S&A ordnance
operations. It was the concensus of the group that sufficient
experience had been gained durinhg Saturn I, Saturn IB and the
two Saturn V launches to warrant reassessment of the ordnance
operation and assoclated clearance requirements for both the LUT
and !MSS. The CDWG chairman requested that KSC Safety review the
S&A ordnance operations, its built-in safeguards, and furnish
the CDWG with thelr assessment. '

At the June 10, 1968, CDWG meeting, the KSC Safety
representative stated that their position concerning the S&A
ordnance operations remained basically unchanged, and in fact,
were now concerned about "risking the only MSS" during either
launch countdown or scrub-turnaround operations relative to S&A
connection/disconnection. Since this was in reality a regression

- from the previously agreed upon modus operandi (early return of
MSS during scrub-turnaround activities), and was admittedly bascd
on precedent and not a technical reassessment of the operation,

the CDWG chairman reiterated his request for a comprehensive KSC
Safety review of the S&A ordnance operations and reemphasized the
group's concern and interest. KSC Safety agreed to reassess the
S&A ordnance operation reclative to both hardware and personnel
hazard. It was at this time that the author decided an independent
assecssment was warranted.

DRSCR Checks

The AS-205 CDWG addressed the problems of when to per-
form the final DRSCR checks and how to integrate them into the
first Apollo manned countdown. Since the flight crew would now
be on board at the time the final DRSCR checks were previously
accomplished, SCO suggest that the checks be accomplished sub-
scquent to LV cryogenic loading, but prior to closeout crew and
tlight crew clearance to the pad. After considerable discussion
within the group and a presentation by representatives of the
Range Safety Office, it was established that a Range Safety re-
quirement existed tc perform the checks subsequent to final
receiver power-up. This along with the necessity to power-down
the receivers, reestablished the requirement for the final DRSCR
check at arouwad T-30 minntes.
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To prevent closeout crew oxposure and also to provide
the flight crew an abort capability, it was decided to accomplish
the final check after the closeout crew had departed the pad,
the Apollo Access Arm had been retracted (to its 12° park posi-
tion), and the SC pyro buses were armed. SCO then sugrested that
the early test be retained as added conflidence. The CDWG agreed
with the merits of the early test.

When this approach was presented to the Saturn V CDWG
for incorporation in AS-503 countdown planning, considerably more
discussion was in evidence as to the actual level of hazard in-
volved to either the closeout crew or the flight crew. The
general concensus of the CDWG indicated that receiver power-up
and DRSCR checks with the ordnance connected was not as hazardous
as originally thought and should be reassessed for possible
relaxation of clearance requlirements.

No specific action item was assigned since adopting an
approach similar to the AS-205 decision was feasible although it
would add some serial countdown time. '

.0 AUTHOR'S INTEREST

As a working member of the CDWG and being aware of the
impact both decisions will have on not only all future Saturn V
launch countdowns, but also the impact it will have on KSC's

ability to achieve the much sought-after #l-hour scrub-turnaround
capability, the autlhor has endeavored to accumulate data which
would allow an independent assessment. The data would also

provide a basis for subsequent discussions within the CDW

Subsequent to the accumulation of data, the author waes
informed that KSC Safety had completed their assessment and in-
dicated their receptiveness to a relaxation of clearance requive-
ments during S&A ordnance operations. Their revised criteria,
which will be implemented as a revision to the KSC Ground Safety
Plan, will reportedly allow performance of concurrent work exter-
nal to the 8V from both the LUT and MSS but will require clearance
of all personnel (except those directly involved with the ordnance
operation) from within the SV (except the CSM). Since this re-

vised KSC Safety position has yet to be authenticated in the proper

documentation, and there would seem to be substantial merit in an
independent assessment, the author has provided the nucleus of
the accumulated data as well as some pertinent comments.

Also included is an assecssment of the hazards involved
with the final DRSCR checks. KSC Safety has not begn rgquested
to reassess this operation as a specific item at this time.
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5.0 HARDWARE DESCRIPTION

A very gencral description of the hardware associated
with the PDS has been included as Addendum I for those unfamiliar
with the total system.

6.0 CIRCUITRY DESCRIPTION

A fairly complete description of the PDS circuitry
(see Figure 2) has been included as Addendum II to aid the reader
in understanding subsequent discussions within this memorandum.

7.0 ORDNANCE CHARACTERISTICS

Addendum II1 contains both the electrical characteris-
tics of the EBW detonator and some of the inherent properties of
the explosives used in the PDS.

The electrical characteristics of the EBW detonator
greatly influence the degree of safety involved with S&A device
connection/disconnection and are appropriately included.

The inherent properties of the explosives themselves
do not have any direct bearing on either the S&A operations nor
the DRSCR checks but are included to complement the description
of the total PDS. This also allows a more comprehensive know-
ledge of the crew safety aspects of the PDS.

8.0 DESCRIPTION OF THE OPERATIONS

Since during both operations under review (S&A device
connection/disconnection and final DRSCR checks), a variety of
configurations, controls, and procedures could be implemented, a
description of how the operations are proposed to be accomplished
is included as Addendum 1IV.

9.0 CONCLUSIONS

S&A Device Connection/Disconnection‘

1. Adeguate electrical safeguards éxist to prevent LEBW
detonator initiation from single and double failure
modes during both connection and disconnection.

2. Mechanical safeguarding is present in form of the
S&A device which is designed to interrupt and confine
the EBW detonator explosion when in the Safe position.

3. Adequate indicators are provided which allow remote
monitoring of the primary functions of the PDS cir-
cuitry. Remote as well as local corrective actions
are immediately available.
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The likelihood of any one failure occurring during
the actual 45 minute connection operation is very
low. The correct combination of multiple failuves
occurring at the very time of S&A ordnance connection
is even less likely.

The inadvertent firing of an EBW detonator into a
"safed" S&A device does not present a hazard to in-
formed personnel in the immediate area.

The PDS end-to-end functional checks prior to S&A
ordnance connection provide adequate assurance that the
components and circuitry (including safeguards) arc
valid.

The present stray voltage checks although adequate to
protect the ordnance crews do not appear to provide
for reliable detection of all possible voltage faults
in the EBW F/U trigger input ecircuit, Admittedly, the
type of failure, which would not be detected prior to
the stray voltage checks and could be detected by an
improved stray voltage check, is extiremely unlikely;
perhaps unlikely enough to warrant retention of the
existing procedures.

Controlled switching and RF silence appear to be im-
plemented® subsequent to the stray voltage checks which
could leave some small uncertainty regarding the

validity of the checks. Further investigation revealed
that TI-2-13 and the individual stage procedures adequately
call for RF silence and controlled switching prior to

the stray voltage checks.

Neither the ESE nor LV circuitry provide protection
against ESE faults (including the computer) from
feeding back into the RSS controller circuitry (Safe,
ECO, and Destruct). Such protection would protect
the decoder components as well as eliminate the worry
of ESE faults inadvertently activating potentially
hazardous circuitry. ‘

The LV countdown procedure nor some of the individual
stage procedures specify maintaining the S&A Device
control switch in the SAFE position during connection/
disconnection operations. Thils would interrupt the
Arm circulitry as well as provide for immediate safing
should a spurious signal arm the S&A device.

¥Reference 6.
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1. The LV countdown procedure*specifies verification
of particular RSO switch positions which aftect inter-
lock circuitry but does not specify verification
of switches (1CO, DESTRUCT, SAFl,, TIiMER BYPASS) which
affect the FPS. Since these directly influence mission
success and crew safety, they would appear to be of at
least equal importance with those currently specified
in the procedure.

Final LV/Rangze Command Checks

1. Although most of the electrical safeguards enjoyed
during the S&A connection/disconnection are neccssarily
eliminated during the DRSCR checks, adequate protection
against single point failures remain in the form of
the PD Block function and the absence of the Destruct
signal during the'ggg command check. Similarly, the
PD Block function and absence of the ECO signal (no
EBW F/U arm voltage) during the Destruct command check
provide the double protection against EBW detonator
firing.

2. Additionally, mechanical safeguarding 1s present in
form of the S&A device which is designed to intecrrupt
and confine the EBW detonator explosion when in the
Safe position. ’

3. Powering-up the decoder and command receclver does not
in itself crcate any potential hazard without multiple
failures (within the decoder and ESE) occurring sinul-
taneously. The decoder is designed to resetl all
address registers with power removed and only a proveriy

coded message® will reopen this gate to an actusl commani.

4, Verifying the ECO and Destruct commands subsecguent to
final command receiver power—up will provide the desiren
launch cconfidence to the FTS. Performing the identical
check just prior to the closeout crew proceedinrs to the
launch pad does give some added confidence that the
final -check will not unduly Jjeopardize the flight crew
but more significantly gives added confidence that
system discrepancies will be detected prior to flight
crew ingress and their exposure to the cablin flight
atmosphere.

¥Reference 6.

¥%p properly coded message 1is dependent upon the correct combina-
tions of tones for each character in a word, the correct sequencae of
characters within each word, and tilmely recclipl of each chararter.
Failure Lo ieet all of the forecgoing criteria resets toe denoder
address reglster.
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identicel (functionally) to the Saturn V and LC-39. Since the
last launch of the current generation of Saturn IRB's is
scheduled for the near future, recommendations have not been
directed at that program. lowever, since someday AAP will be
conducting launches with this same hardware and circuitry, con-
sideration should be given to adopting (at lcast for AAP) any
benelits derived frcm the accepted KSC Safety position (limited
access during S&A connection/disconnection) and/or this study.
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¥DAC .is the ordnance installation integrator for the
Saturn V launch vehicle.
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ADDENDUM I

HARDWARE DESCRIPTION

PROPELLANT DISPERSICGN SYSTEMY

Each stage of the Saturn V launch vehicle has a
completely redundant (except for passive devices) Propellant
Dispersion System (PDS). The S-IC, S-II, and S-1VB PDS's
are functionally identical and together form the LV Flight
Termination System (FTS). A simplified block diagram of
the F1S and a 3-dimensional sketch of the PDS ordnance
installations is presented in Figure 1. A typical PDS
shall be discussed.

The purpose of the PDS is to allow ground-initiated
" RF commands from the Range Safety Officer (RS0) to terminate
booster thrust and/or disperse the remaining propellants
should the SV trajectory stray outside its Range Safety limitso.
The termination of booster thrust provides the capability to
limit booster impact to within an acceptable footprint. The
dispersion of the remaining propellants at altitude allows

for dissipation of the majority of the LV's destructive poten-~
tial prior to land impact.- The PDS also provides the capa-
bility to "safe" the S-1I and S-IVB systems once they are no
longer needed.

The PDS (see Figures 1 and 2) consists of two URF
antennas (four on the S-I1 stage) tied together by a common
hybrid ring. The hybrid ring sends commands received by
both antennas to a directional power-divider which in turn
sends all received commands tc both receivers. Directional
couplers (see Figure 2) are provided which act as RF check
valves preventing signals (received closed-loop) from
reaching the antenna where 1t would radiate energy. Each
receiver inputs to its own decoder which, 1if a properly
coded message is recognized, will issue a discrete to tne
RSS Controller. The controller in turn will issue the
initiating signals to the engine shutdown circuitry, the
Exploding Bridgewire (EBW) Firing Unit (F/U), or the
receiver power control relay (within the RGSS controller)
in the case of a Safe command. The F/U upon recelipt of the
proper signals will send a high-voltage, high-energy signal
to the ERBW detonators to initiate the detonation train.
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With the S&A devices in the armed position, the detonation
train will propagate from the detonator, through the SE&A
device to the Confined Detonating Fuse (CDF), and through
tne CDF to the Linear Shaped Charge (L3C) which cuts the
respective LV propellant tanks. An ordnance "T" is provided
between the two CDF trains to provide additional redundancy.

ELECTRICAL SUPPORT EQUIPMENT (ESE)

Each stage has its own ESE for checking out (hard-
line), controlling, and monitoring its respective PDS system.
Each set of ESE provides the following basic capabllities
(see Figure 2):

a. arm and safe the S&A device

b. monitor the S&A device position

c. power-up and power-down the decoder/receiver
on either ground or A/B power

d. monitor the decoder and receiver power status
power-up and power-down the EBW F/U on ground
power

f. monitor EBW F/U status including the output

capacitator charge voltage

g. monitor decoder discrete output signals

: In addition, common ESE can control and monitor
the total LV FTS as follows (see Figure 2):

a. Range Safety Supervisors Console - monitors RV
silence and pertinent status from each stage's
PDS.

b. Vehicle Network Panel - disable individual stage

ESE control of decoder/receiver and EBW/FU power-
up by removing power from the respective Safetly
Bus.

c. Test Sugervisors Panel - initiate RF silence.

COMMAND RECEIVERS

The RSS command receivers recelive a modulated com-
posite RF signal via the antenna/hybrid ring/power-divider
network. The command recelver demodulates the RF carrier
and furnishes a composite audioc baseband signal to the

decoder.
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DECODER

The RSS decoder receives the receiver audio output
and detects. the individual tones present. Only the proper
scquence and combinations of tones will satisfy the decoder
logic and cause the function relays to output the desired
28 vdec pulse to the R3S controller. Output pulse duration
to the contrcller is approximately 20 milliseconds in duration.
Neither the receiver nor the decoder locks-up any commands
but will follow each input command from the command trans-
mitter. The decoder logic clears itself every 180 milli-
seconds and is then ready to process the next message.

\j

Automatic reset of the address registers within
the decoder with power removal assures that a complete mes-
sage (address and functicn words) is required in order to
obtain an outpul once power 1is reapplied.

CONTROLLER

The RSS controller is used to apply power to, con-
trol, and monitor a command recelver/decoder combination
and its associated EBW F/U. It also receives the 28 vdc
pulse output commands¥* from the decoder and in turn issues
the proper command to the engine shutdown relay, the EBW F/U,
or in the case of a Safe command will remove decoder/receiver
power.

EXPLODING BRIDGEWIEE FIRING UNIT (EBW F/U)

The EBW F/U consists of solid state circuitry
which will, when the 28 vdc (continuous) Arm command 1is
received from the RSS controller, amplify the 28 vdc to approxi-
mately 2300 vde which is applied across and stored by an out-
put storarce capitor. The stored energy 1s released to the
EBW detonator in the S&A device when the 28 vdc trigger
pulses received from the decoder via the RSS controller cause
a gap tube in the output circuit to break down.

EBW DETONATOR

The EBW detonators which screw into the S&A device
housing, consist of a combination PETN¥*¥* charge containing
a low-resistance bridgewire. The discharge of the F/U

¥There are five decoder output commands possible but
only three--Arm/Fuel Cutoff, Destruct, and Safe--are implemented.

¥¥Described in Addendum IIT.
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storage capacitor high voltage, high energy output through the
bridgewire causes the bridgewire to explode with a large,

rapid release of energy. This energy provides the proper
combination .of heat and shock necessary to detonate the PETHN.
Detonator response time is 5 microseconds or less. The bridge-
wire vircuit within the EBW detonator contains an air gap to
prevent stray voltagss from dudding¥® the unit. The detonator
is designed to prevent "blow-back" of any explosive products
into the electrical connector.

SAFETY & ARMING (S&A) DEVICE

The S&A device provides a means for remotely arming
and safing the PDS ordnance train. As can be seen in Figure 1,
a single S&A device provides a redundant explosive train
capability. This is accomplished by means of two,isolated
explosive trains (PETN) within a rotatable-unidirectional
shaft. When the device is armed, the explosive trains arc
aligned with the EBW detonators on the input and the CDF's
on the output. The shaft position 1is controlled by a 28 vdc
solenoid (rotates 90° each time it is energized) operating
through a ratchet clutch. Cam-operated microswitches inter-
rupt or arm the respective signals to the control solenoid
when the shaft reaches the desired position. A second set of
cam-operated microswitches provides remote monitoring capa-
bility to the LCC without jeopardizing the control circuilry.
Note: The S&A devices reguire a verification test in the
laboratory within seven days of launch.

CONFINED DETONATING FUSE (CDF)

The CDF assemblies consist of a flexible fuse

assembly with machined end fittings. The fuse 1s formed Dby

a PETN filled lead core which is enclosed in a polyethylene
plastic tube. The plastic tube 1s, in turn, wrapped with

10 continuous layers of fiberglass. The machined end fittings

corntain small booster charges which will detonate the fuse.
The booster charge is designed to detonate when initiated by
the EBW detonator via the S&A explosive train. The fuse
assembly will propagate the explosilon at a rate of 23,000
ft/sec. while completely containing the explosive proccess.
The propagated explosion 1is used to detonate the LSC.

¥Discussed in Addendum IIT.
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LINEAR SHAPED CHARGE (LSC)

: The LSC assemblies consist of a reasonably flexible,
enclosed, explosive train with machined end fittings. The
explosive train is composed of vee shaped PETN (S-IC) or RDX*
(S-I1 and S-I1VB) cores surrounded by a plastic jacket (S-IC)
or aluminum sheath (3-I1I and S-IVR). The LSC's are mounted

on the exterior of the propellant tanks (sides or bottoms)

and are designed to cut slots in'the respective tanks

causing the remaining propellants to disperse.

RANGE SAFETY OFFICER (RSO) CONSOLE AND TRANSMITTER SITES

The RSO console which is located in the Range Control
Center at Cape Kennedy originztes all commands to the FTS,
both during open-loop prelaunch checkout and during booster
flight. Closed-loop checkout can be accomplished from
either the RSO console or the KSC RF facility. For the Apollo
Program, the console 1s configured to provide three discrete
signals: Arm/Fuel Cutoff, Destruct, and Safe. Each of the

three commands has a corresponding hooded toggle-switch.

The discrete signals commanded by the RSO are sent
to all three range transmitter sites (Cape Kennedy, Grand
Bahama, and Grand Turk). Only .one transmitter will be broad-
casting at any one time. Transmitter handovers to GBI and
GTK will occur at approximately plus ¢ minutes and plus 5 1/2
minutes, respectively. The discrete signals received at the
transmitter sites (via hardline) are furnished to the command
encoders which will in turn furnish an audio output to
modulate the transmitter carrier (see PFigure 2).

The encoder/transmitter is capable of issuing a com-
plete message every 200 milliseconds. Message width (includes
address word and function word) is ~115 milliseconds 1in
duration.

PULSE SENSOR UNIT

The ‘pulse sensor unit connects directly to the out-
put cable of the EBW F/U. The purpose of the pulse sensor
unit is to allow an end-to-end functional check of the PDS
with the proper resistive load to verify that the energy
delivered by the F/U meets the EBW detonator "ALL FIRE"
minimum values.

The proper energy delivered to the pulse sensor
unit causes its solid state circuitry to "grip" and lock-up.
The pulse -sensor unit provides remote indications through

the Overall Test Set (OATS) and 1is remotely. reset from same.

¥Described in Addendum II1.
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ADDENDUNM II

CIRCUIT DESCRIPTION

The circuits reflected in Figure 2 were taken from
the Apollo/Saturn V Safety Circuits, AS-503--The Boeing
Company. The designator numbers correspond to the S-IVB
configuration but the circults are functionally similar to
those of the S-IC and S-11 stages.

SAFETY AND ARMING (S&A) DEVICE (CONTROL)

S&A device Safe and Arm signals originate at the
respective Propellant Dispersion (PD) Console for each stage.
The S&A DEVICE control switch is a threc-position toggle
switch-—-Shrk, AUTO, and ARM. The ARM position, however, 1is
momentary and spring-loaded to return to the AUTO position.

With the S&A device in the Safe position, an Arm
signal would be initiated Dby depressing the momentary switch
to the ARM position and encrgizing K662. Upon K662 contacts
closing, the Arm signal is sent through closed "Safed" micro-
switceh contacts in the S&A device to the control solenoid.
The control solenoid drives the S&A rotor 90° through a
ratchet clutch device at which time the energizing voltage

.is removed by the now-opened microswitch contacts. The safe
circuit has concurrently been "Armed" by the closing of the
"armed" microswitch contacts. A separale set of "Armed"

and "Safed" microswitch contacts provide remote monitoring
capability to the ESE.

The "safing" of the 3&A device 1s icentical to
the arm procedure except the control switch can be retained
in the SAFE position maintaining voltage on the coils of
K676 and K661 and in turn on the "Armed" microswitch con-
tacts. This provides two safeguards against inadvertent
arming. First, a set of K679 contacts.are in the arm circult
downstream of the computer interface which would interrupt
any inadvertent computer outputs. Secondly, with power
maintained on the "Armed" microswitch contact, should the
S&A device in any way rotate to the arm position, it would
immediately be commanded back to the safe position. A set
of K689 (S-IC Firing Command) contacts 1is provided in the
cafe circuit downstream of the computer interface to pro-
hibit intentinnal ol accidental "safing" of the S&A's once

launch is imminent. Shoula an engine cutoff occur, the
X689 contacts would close "arming" the safe circuit for
use. It should also be noted that the safe circuit is

completely redundant from the control switch to the output
of the LUT computer interface.
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S&A device status is monitored on the individual
stage PD Consoles as well as on the Range Safety Superviscr
. Panel. . :

DESTRUCT SYSTEM ENABLE

The DESTRUCT SYSTEM ENABLE switch 1s a two-position
key operated switch located on the Vehicle Networik Panel.
Placing the control switch in the ON position energizes
relay K1108. Through a series of relay slave circuits (K57,
K58, K665), power is applied to each stage's Safety Bus.

This provides each with the capability to apply ground power
to the decoder/receiver and EBW F/U; also, to transfer thne
decoder/receiver to the A/B power source.

Placing the control switch in the OFF position
removes power from the Safety Bus, hence, disabling all of
the aforementioned circuits. The circuits are disabled
within the LUT computer interface which again provides
assurance agailnst a computer malfunction issuing an inadvertent
signal. '

RF SILENCE

The RF Silence switch is a two-position toggle
switeh located on the Test Supervisor Panel. Placing the
switch in the ON Position energizes K1018 which in turn
through a series of relay slave circuits (K53, Ksh, K72,
and ¥59) illuminates an indicator on each of the stage PD
Conscles, the Test Supervisor's Panel, and the Range Safety
Supervisor's Panel informing them that RF silence 1is in
effect. Through other circuitry (not shown), the RF Silence
signal will automatically remove power from LV RF sources.

SYSTEM SAYE

The system Safe capability is provided on each
PD Console to allow their inhibiting applicatiocn of either
ground or A/B power to the decoder/receiver and EBW F/U. Thne
System Safe circult is controlled by a two-position toggle
switch. Placing the switch to the ON Position energlizes
K670 which in turn energizes K671. K671 contacts interrupt
the decoder/receiver ground power circuit and the decoder/
receiver power transfer to internal circult; they also
close the circuit to and energize K663 (Reset) and k5
(External) which would also remove all A/B power from the
‘decoder/receiverr and EBW F/U. Additionally, K671 contacts
interrupt the EBW on ground power circuilt and energize K2
(External) which would remove all A/B power from the EBW F/U.
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When the SYSTEM SAFI switch is placed in the OFF
position, ESKE control of power application is re-enabled.

RSS'CONTROﬂLEH ISOLATION CIKCUITS

Relays Kl-1 and K1-2 (within the KS3 Controller)
and relay K19 (external to the RSS Controller) are energilzea
continuously provided the stage indicator bus remains
povwered up and the umbilical carrier connectors are mated.
During the terminal count, the indicator bus 1is de-enerpgized
by the Commii. signal from the S-IC ESE. This will de-encrgize
the isolation relays which in turn will interrupt those
circuits where it is undesirable to disconnect the umbilical
carricer connectors with voltape applied.

DECODER/RECEIVER POWER-UP/POWER TRANSKFER/POWER-DOWN

To apply power to the decoder/receliver ¥ the
stage Safety Bus must be powered-up and the stage SYSTHM
SAFE switch must be in the OFF position.¥* With thesc con-
ditions existing, decoder/receiver ground power carn be cOn-
trolled by the RCVR GND PWR three-position toggle switcen.
Placing the switcn to the ON position energizes K666
through the closed K671 and K663 contacts. K669 contacts
in turn apply ground power to the equipment through the
closed K5 contacts. )

Transfer of the decoder/receiver to A/B power 1s
conftrolled by the RCVR PWR XFER three-pcsition tomgle switcei.
Both the INT (internal) and the EXT (external) positions are
spring-loaded to return to the center position. Momer.tarily
plecing the switch to the INT position will energilve VO07
which will in turn energize K663 (Set) and K5 (Internul).
Relay K663 interrupts the ground power control signal while
relsy K5 contacts will inferrupt the ground power circuilt
and apply battery bus voltage directly to the decoder/
receiver, '

¥The recelver power is applied through the decoder.

¥%Tf the S&A device ordnance is connected, the Range
requires that either the Range or KSC carrier be brought
up prior to powering-up the decoder/receivers. Thics
assures immediate capture of the receivers by the correct
carrier which protects the receiver input' from other than
intentional commands.
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Placing the control switch to the EXT position
will energize K666. K666, through the closed contacts of
K689, will energize K663 (Reset) and K5 (External). These
will in turn remove A/B power and apply ground power. Ground
power. is removed by placing the RCVR GND PWR switcn to the
OFF or AUTO positions which de-energizes Kb669.

A set of normally closed K689 (S-IC Firing Command)
contacts are provided in the decoder/receiver external power
control circuitry to prevent transfer of the eguipment back
to ground power once launch is-imminent. Decoder/receiver
power-on 1s monitored at the ESE via K659 which in turn
energizes K668,

EBY F/U POWER-UP/POWER TRANSFER/POWER-DOWN

To apply power to the EBW F/U, the stage Safety
Bus must be powered-up and the stage SYSTEM SAFLE switch must
"be in the OFF position. EBW F/U ground power application is

controlled by the EBW ON GND PWR three-position toggle switch.

Placing the switch in the ON position will energilze K684
through the closed contacts of K671 which in turn applies
ground power through the normally closed contacts of K668
and K2. It should be noted that the K668 contacts will be
open whenever the decoder/receiver is powered-up. This
prevents inadvertent. power-up of the EBW F/U any time the
decoder/receiver are powered-up.

The ESE does not have the capability to transrer
the EBW F/U to A/B power. Power transfer can only be
initiated through the command receiver input. A properly
received/decoded message will cause the decoder to outputl
the FCO discrete (ARM EBW F/U and ECO) which will energlze
K2 (Tnternal) applying either ground or A/B power to the
EBW F/U dependent, upon the position of the K5 contacts.

Application of either ground or A/B power to the
F/U input (J1-G) (sce Figures 3 and 4 - P/U Schematic anc
Charge Curve) will cause Cl05 to charge and turn on Q102.
Q102 in turn will allow CR106 to conduct through the primary
of transformer 101. This induces a high voltage pulse on
the secondary of T101 which is stored by C109.

The initial action which was started by the
charge on C105 will be likewise ended as C105 discharges
through Q102 and R112. When C105 has discharged sufficiently
“to allow Q102 to turn off, the circuit in effect has been
reset and starts anew with C105 again charging and enabling
Q102. This creates the oscillatory effect which continues
until Q103 senses C109 has been fully charged. Q103 will
then regulate the frequency of the charging oscillstions
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to maintain full charge on Cl09 which 1is constantly losing
some of its charge through the redundant bleeder networks.
The charge on Cl1l09 cannot break down the gap tube itself
without a discharge pulse from the trigger circuit.?®

Removal of power from the circuit input will
allow C1l09 to discharge completely through the bleced cir-
cuits. The specification value for discharge ol C109 is
from 2300 vde down to 300 vde in 15 seconds or less. Also,
each of the redundant bleed circults are required to be
capable of individually discharging Cl09 to 300 vdc within
90 seconis.

The power applied to the F/U is monitored via
K683 and K1028.. The discrete (ARM EBW F/U and ECO) out
of the decoder is monitored by telemetry (S-1C anda S-II
only) and stage ESE via K608, K1034, and K1040 (pulse
~stretcher network). The actual charge voltage across
outpul. capacitor C109 is displayed on an ESE voltmeter (EBW
VCL'') via a solid state sensing circuit.

Input power can be removed from the ¥/U by placing
the EBW PWR XFER switch to the EXT position which energizes

K682. K682 in turn energizes K2 (External) interrupting
power supplied through either set of K5 contacts. Even

though the EBW ON GND PWR switch may have been left in the
ON position, ground power will not be reapplied to the F/U
until the decoder/receiver is powered--down and K668
de-euergizes.

EBW F/U TRIGGER CIRCUIT (DESTRUCT COMMAND )

The EBW F/U trigger circuit is designed to recelve
a 28 vdc signal directly from the decoder (through contacts
of K4-1)¥ and within 4 milliseconds provide a high voltzage
pulse to the third electrode of the gap tube. The ensuing
arc between the input electrode and the trigger electrode
ionizes the tube gas which provides a conductive path
between the input and output electrodes. This allows the
energy stored in the output capacitor C109 to discharge to
the EBW detonator.

¥Will be discussed in the subsequent section.
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Since neither the decoder nor the RSS controller
contains any lock-up circuitry for the Destruct signal, the
signal seen by the EBW F/U trigger circuit will be =z 28 wvde
20 ms pulse at 200 ms intervals. The trigger circuit will
_have adeguate time to "trigger" the gap tube at least four
times during each Destruct pulse received.

The trigger circuit also provides a feedback signal
to the main charge circuit through CR 105 (see Figure 3)
which turns on Q103 and disables the charge circuit. Removing
the charge circuit load from the stage battery prevents undue
battery drain during discharge of €109 through the gap tube
to the EBW detonator.

During the 180 ms "dead time" between Destruct
pulses out of the decoder, the charge circuit would be
re—enabled. The test data of Table 2 indicates that the
outputl capicitor C109 would again reach a voltage level
adequate to allow another breakdown of the gap tube by a
trigger pulse some 400 ms later. All gap tube breakdowns
subsequent to the initial C109 discharge will provide less
voltagme than the specified EBW detonator "ALL FIRE" value.
This is academic, for actual usage in flight, since the
first gap tube breakdown would provide the propellant
dispersion event.

. The Destruct signal cannot be initiated from the
stage ESE but must oe originated at either the RSO conscle
“ or the KSC RF facility. Open or closed-loop signals
originated at either location must be processed by the
receiver and decoder to reach the F/U. The Destruct signal
out of the decoder is monitored by telemetry (S-IC and S-II
only) and stage ISE via K609, K1035, and K1041 (pulse stretcher
network).

PROPELLANT DISPERSION (PD) BILOCHA CIRCUIT

The purpose of the PD Block circuit is to provide
the means for interrupting the Destruct and ECO signals
within the RSS controller until late iIn the terminal count-
down. This prevents both test and/or inadvertent Pestruct
signals from reaching the F/U trigger circuit and likewise
an ECO signal from reaching the stage engine shutdown cir-
cuitry. The latter also prevents illumination of the SC
Abort Advise indicators.

The PD Block function is furnished via K4-1 and
K4—-2 which are energized continuously through normally closed
contacts of K468 and K676 in the ESE until the proper time
in the terminal countdown. During normal operation, KLU68
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is energized at T-17 seconds by the Terminal Count Sequencer
(TCS) which de-energizes relays KU-1 and Ki-2. This arms
the Destruct and ECO circuitry within the RSS controller.
Since the T-17 second signal out of the TCS is only momen-

‘tary, a lock-up circuit is provided for K468 through normally

closed contacts of Ki53., K453 will interrupt the lock-up
circuit in the event of a "cutoff."

The other normally closed contact (K676) in the
Klii-1 and K4-2 solenoid circuit provides an end-to-end check-
out capability for the Destruct and ECO circuits. Relay K676
is controlled by the PD RCVR three-position toggle switch.
When placed in the ENABLE position, a signal is sent to K676
through a special patch in a LUT equipment rack. Energizing
K676 will de—-energize Ki-1 and KU-2 allowing the Destruct
and ECO signals emitted from the decoder to reach the EBV
F/U and engine shutdown circuitry.

The special patch in the LUT equipment rack pro-
vides a positive means for inhibiting the checkout capability.
The patch is removed subsequent to the final PDS checkout with
the pulse sensor units and prior to actual connection of the
S&A device ordnance. The PD block circuit is monitored on
the ESE via contacts of relays Ki-1 and K4-2.

PDS SAFE

- The capability to "safe" the PDS's during or sub-
sequent to boost flight exists within the hardware of all three
LV stages but is only planned to be implemented on the S-1IT

and S-IVB stages of manned Apollo/Saturn V 8V's. The capa-
bility is "armed" by the installation of a safing plug (see
Figure 2) on a particular connector of the R3S controlier

unit. :

The connector contains redundant circuitry which
ties the Safe command out of the decoder to the EXT (External)
solenoid of k5. Energizing K5 EXT removes the decoder/receiver
from the A/B battery source and closes the path to the ground
power circuit. Since no ground power source 1s available in
flight and since the capability to energize K5 INT (Internal)
in flight does not exist, the PDS is permanently safed.

} It should also be noted that the stage ESE cannot
initiate the SAFE command. All verification of the Safe
circuitry is accomplished via RF open or closed-loop. The
SAFE command out of the decoder is monitored by the ESE via
X677, KL036, and K1042 (pulse stretcher network).
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ORDNANCE OK CIRCUIT

The Ordnance OX circuits for the S-I1 and S-IVbE
are similar and will be discussed first. The Ordnance OK
relay X688 (see Figure 2) is energized through a summation of
K681, K686, K683, K675, K6TH, K668, and K669 contacts. The
following conditions must exist in order for K688 to be
energized:

1. command revelvers 1 and 2 must have power applied
2. the S&A device must be armed
3. EBW F/U's 1 and 2 must not be powered-up

. command receivers 1 and 2 must not be commanded
on ground power.

Providing the above conditions continue to be
satisfied, a set of K688 contacts will remain closed in the
S-IVH Otage Ready For Firing circuit (not shown). A set of the
S-IVB Stage Ready For Firing relay contacts (K968) are in
turn part of the Firing Preparation complete summation circuilt
which is a prerequisite for starting the TCS at T-3 minutes
7 seconds. The S-I11 stage has a similar function in the
K968 circuit.

The S-IC PDS ordnarice circuits are summed similar
to the K688 circuit of the S-IVB stage but is utilized directly
in the Firing Preparations Complete cireuit. Hence, if any of
the LV PDS circuits are not in the proper condition prior to
TCS start, the TCS seguence will automatically be inhibited.
The circuits are also verified later in the TC3 sequence and
will cause an automatic cutoff should their condition change.

RANGE SAFETY OFFICER (RSO) CIRCUITS

The BRSO has the capability of sending three com-
mands (ECO, Destruct and Safe) to the LV, either closed-loop
or open-loop. The commands are initiated from hooded, two-
position, double-pole toggle switches located on the RS0 con-
sole in the Range Control Center. Each of the control circuits
are redundant as indicated in Figure 2. The redundant aspects
of the system will not be discussed herein.

As can be seen in Figure 2, any command sent into
the encoder could be transmitted in either of two ways to the
LV. During closed-loop checkout the encoder outputs are sent
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to the KSC RF station where they are used to modulate signal
generators. The signal generator outputs are hardlined to
the LV receivers via the power divider network. The signal
at the receiver input looks identical to those transmitted
open-lcop.

During open-loop testing and for mission support,
the hardline path is interrupted and all encoder outputs are
sent to the command transmitter where they modulate the com-
mand carrier. The modulated signal is transmitted to the LV
antennas via air-link and sent to both reveivers via the
hybrid ring/power divlder -network.

A1l input commands to the Cape Kennedy encoder
would also be tranemitted via hardline to the GBI and GTK
encoders during mission support and would modulate the

carrier of whichever transmitter was broadcasting.

The ECO command is issued by placing the ECC
toggle switch to the ON position energizing the ECO relay.
ECO relay contact closure initiates two separate actions.
First, a signal is sent to the encoder which causes the ECO
command to be transmitted to the LV.. Secondly, four Time-
Delay (TD) relays are encrgized which will, upon timing out,
arm the Destruct circuit.

The Destruct command is issued Dby placing the DLEST

toggle switch to the ON position which will energize the
Destruct relay providing the TD relays have timed-out. The

closing of the Destruct relay contacts will send a signal to the

encoder and cause the Destruct command to be transmitted to
the LV. Since the ECO signal is necessarily present (or else
the TD relays would reset) at the input of the encoder when
the Destruct signal is sent, a priority interrupt circult is
provided which allows the Destruct command to be transmitted
without removing the ECO command from the encoeder input.

Since it is not feasible to retain the ECO torgle
switch in the ON position (arms the EBW F/U) during the
final DRSCR checks with the S&A ordnance connected, a timer
BYPASS switeh has been provided to allow arming the Destruct
circuit without energizing the ECO relay. It is not intended
for the BYPASS switch to be used during mission support unless
the Destruct circuit fails to function after the time-delay
has expired.

The Safe command is issued by placing the SAFE
toggle switch to the ON position which energizes the Safe
relay. The closing of the Safe relay contacts will sencd a
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signal to the encoder which will cause the Safe command to
be transmitted to the LV.

In all cases (ECC, Destruct, and Safe), the com-
mands once initiated will continue to be transmitted to the
LV until either the respective toggle switch is placed in
the OFF position or until a higher priority command 1is
initiated.
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ADDENDUM III

ORDNANCE CHARACTERISTICS

1.0 INTRODUCTION

Two explosives are used in the Saturn V PDS, penta-
erthyrite tetranitrate (PETN) and cyclotrimethylene tri-
nitramine (RDX). The S-IVB Ordnance Train (Table 1) is
reasonably similar to those cf the S-IC anc S-II anda is
included as a representative usage of the two explosives.

The only significant differences are in the amounts of
explosive anc the use of PETN rather than RDX in the S-IC LSC.

The following discussions are in thrce parts:
EBW detonator, PETN, and RDX. The EBW detonator* which
contains two classes of PETN (see Table 1), has been
designed to display specific electrical characteristics
which are unrelated to the inherent properties of the PETN
within. The first section will be concerned with the detonator
electrical characteristics. The subsequent two sections
will address some of the properties of the two explosives.

2.0 EBW DETONATOR

' The EBW Detonators have been designed to prevent
accidental detonation from any stray voltage that could
possibly be present on the Saturn V launch vehicle. In
addition, it has built-in protection against static discharge,
radiated RF energy, and dudding.¥*#¥

Protection against dudding is provided by an air
gap within the detonator electrical circuit. The air gap
is created by a small square of mica material inserted
between two halves of one of the electrical pins in the
connector. A voltage differential of greater than 600
volts is required to break down the gap. This also
eliminates low-order static discharges.

#Future units may contain RDX instead of FETN. The
bridgewire resistance will be slightly lower and the energy
released by both the bridgewire exploding and the RDX
detonating will be slightly higher than the PETN units.

This will not influence any of the discussions in this study.

¥%¥Ordnance which has been exposed to levels of voltage
and/or RF energy too low to cause detonation but adequate
(in intensity and/or time) to sufficiently decompose it
chemically and prevent future detonation from its ncrmal

source.
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Protection against radiated RF energy and the
higher-order static discharges is an intrinsic part of the
exploding bridgewire. The bridgewire requires a certain
minimum level of energy in order to generate the correct
combination of shock and heat required to detonate the
PETN. Anything other than the correct combination of
shock and heat could result in dudding.

The following data is the specification® NO FIRE

values. That is, the EBW detonator can be expoced to the
indicated levels of energy and will not detonate.

STRAY VOLTAGE##

36 vde via 0.1 ohm impedence for 15 minutes
115 vac (60 cycles) via 0.2 ohm impedence for 15 minutes
115 vac (400 cycles) via 1.0 ohm impedence for 15 minutes
250 vac (60 cycles) via 0.2 ohm impedence for 15 minutes
250 vac (400 cycles) via 1.0 ohm impedence for 15 minutes

STATIC DISCHARGE¥*¥
12

9000 vde via 500 x 10~ F capacitance
RADIATED

_3 2
100 x 10 watts/CM (2-30,000 mc) continuous

UNDERCHARGED FIRING UNIT¥**

-6
500 vde via 1.0 x 10 F capacitance

- A more practical statement of the NO FIRE values for
the EBW detonator as expressed in Reference 16 are as follows.

1 watt for 5 minutes
1 ampere for 5 minutes

The specification ALL FIRE (will always detonate)

_6
minimum value is: 1800 vdec via 0.75 x 10 F capacitance.
Nominal detonation signals out of the EBW F/U are: 2300 vdc

-6
via 1.0 x 10 F capacitance.

) Another design feature (proven in qualification
tests) of the EBW detonator is its ability to completely con-
. fine the detonation process. Once the EBW detonators have
been installed in the S&A device housing, any detonation of

¥See reference 14,

L TR '
Either bin-to-pin or pin-to-case.
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either or both EBW detonators (with the S&A device in 1ts
Safe position) will be completely confined and will present
no hazard to equipment or personnel. The S&A device housing
contains vent ports to allow dispelling of the explosive by-
products. A smzll plastic protective cap (covers the S&A
rotor manual control screw) will blow off as a result of the
detonation but does not present any hazard to informed
personnel or equipment.

An indicator of the relative insensitivity of the
EBW detonator to either shock or heat is realized from two
of its specification¥* requirements. The detonator can be
dropped 40 feet onto a steel plate and can withstand tem-

peratures up to 300°F for 20 minutes, both without detonation.

Additionally any unit exposed to those environments would
be considered safe to handle subsequent to their exposure.

3.0 PETN

Temperaturé Sensitivity

“100°C (212°F) - quite stable forr 100 hours

120°C (248°F) - begins to decompose rapidly
' (not unduly toxic)

141°C (284°F) - melts
160°C (320°F) - @2mm Hg } boils
180°C (356°F) - €50 mm Hg

210°C (410°F) - continues rapid decomposition,
in some cases explosively

1974 cal/gm @constant pressure - heat of combustion

(oxidation)

225°C (440°F) - explosive temperature

Impact Sensitivity*#¥

2 Kg weight from 6 inches (Picatinny Arsenal method)
2 Kg weight from 17 cm (Bureau of Mines method)

Note: The EBW detonator by specification can be
dropped up to 40 ft onto a steel plate without
being detonated.

Spark Sensitivity

Relatively insensitive (considered non-hazardous)

#See Reference 1U4.

¥ % . '
At least one explosior out of ten trials.
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4,0 RDX

Temperature Sensitivity

X¥100°C (212°F) - stable as TNT
N150°C (302°F) - very stable for 40 hours
N204°C (LOO°F) - melts (not markedly toxic)

x2307 cal/gm @constant pressure - heat of
combustion (oxidation)

X260°C (500°F) - explosive temperature

Impact Sensitivity¥

2 Kg weight from 8 inches @25°C (78°F) } (Picatinny
. ° on Arsenal

2 Kg weight from 5 inches €105°C (224°F) method )

2 Kg weight from 33 cm (Bureau of Mines method)

Spark Sensitivity

Less than PETN
5.0 COMMENTS

The prior data on PETN and RDX has been included
only as an indicator of how hazardous or non-hazardous
(depending on the point of view) they are or can be depending
upon the use or lack of necessary precautions when working
near them. To the best of the author's knowledge, the type
of testing which would output practical data, applicable to
the Saturn V LV, has not been accomplished.

It should be noted, however, that Reference 16
does provide a more practical measure of impact sensitivity
for the CDF and LSC assemblies as installed on the Saturn V
launch vehicle. Neither will detonate when subjected to
impact from a 10-pound, l-inch diameter, steel weight dropped
from a height of 16 feet.

Since several other factors would also influence
the level of hazard associated with the PDS ordnance, they
are listed here for consideration:

¥At least one explosion out of ten trials.
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Although both PETN and RDX would appear to be
somewhat sensitive to fire, the temperatures
indicated were determined using small samples
of unprotected explosive material applied
directly to a heat source. Since both the
PETN and RDX are protected or encased to a
significant degree (see Addendum II) and a
fairly intense, sustained fire would be
required to supply the necessary heat to the
ordnance devices to cause detonation, it can
be concluded that chances of detonation from
a fire (other than one that is already
catastrophic in nature) is very unlikely.

At the time personnel are connecting or dis-
connecting the S&A device ordnance, S-IC
RP~1, S-IVB APS hypergolics, and SC hyper-
golics are the only flammable liquids aboard
in sufficient gquantity to be considered a
sustained-fire hazard. Although all of these
burn at temperatures 3 to 4 times (hydrazine
1300°F, RP-1 1800°F) that of the indicated
explosive temperatures of PETN and RDX, it
would take sufficient, sustained leakage in
very close proximity to the ordnance as well
as an ignition source before any immediate
hazard of ordnance explosion would present
itself. In this case, the ordnance crews
would probably be in as much immediate danger
from the fire as they would be the ordnance.

The reasonable inacbessibility of the CD¥
and particularly the LSC negate any 1likely

"hazard from impact or sparks.

The entire PDS system while being of
hazardous nature has been designed to pro-
vide the safest possible components* and
circuitry practical without undue compromise
to its purpose. The system being flown on
all Saturn V LV's is essentially identical to
those flown on the latter Saturn I's and all
Saturn IB's.

¥See Reference 17 for PDS component and system reliability

values.
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ADDENDUM IV

DESCRIPTION OF OPERATIONS

S&A DEVICE CONNECTION/DISCONNECTION

As proposed originally by the Saturn V Countdown
Working Group (CDWG), the S&A device connection operations
would be performed with the MSS at the launch pad and a
controlled number of personnel allowed access to continue
with the launch preparations of the SV, LUT, and MSS.
KSC Safety has since approved a plan to allow such an opera-
tion and requiring clearance of all personnel except the
ordnance crews from within the SV below the CSM. Since the
detonation of an EBW detonator into a "safed" S&A device is
not nominally hazardous to personnel in the adjacent area,
it must be assumed that the clearance requirements are to
prevent interference with the ordnance crew operations.

Prior to commencing the S&A ordnance operation,
the final (end-to-end) DRSCR open-loop and semi-final closed-
loop checks are mzde with the EBW pulse sensor units con-
nected. The open-loop command verifies the RF link from both
Range command transmitters at the Cape. to all LV command
receivers. The receiver audio outputs are verified with a
test command (test code plug installed) which is rejected by
the decoder logic, hence, no signals out of the decoder.

During the closed-loop checks (flight code plug
installed), the S&A devices are cycled, ECO and Destruct are
verified with PD block removed (pulse sensors trip), and the
stage engine systems verify receipt of the ECO signal. The
PD block is then energized and both ECO and Destruct are
verified not received out of the RSS controller. The Safe
command is also verified which transfers the S-II1 and S-IVB
decoder/receivers to external (no ground power applied) and
the S-1C decoder/receivers are verified not affected.

Upon completion of the end-to-end DRSCR checks, -
the PD enable jumpers (see Figure 2) are removed (remain
out for launch) which disables the ESE manual capability of
removing the PD block function. Both the Destruct signal
to the EBW F/U and the ECO signal to the engine circuitry
are now continuously interrupted until the TCS T-17 second
function. The pulse sensor units are also removed at this
time and the LV is now ready for the S&A ordnance operations,
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The first step (after implementing RF silence and
controlled switching per KSC TI-2-13) in the operation is
the stray voltage test of each output connector of the EBW
F/U. The stray voltage test¥ actually consists of AC and
DC voltage checks as well as resistance checks. During the
stray vcltage test, ground power is present on the main A/B
buses and remains on during actual ordnance operations.
Completion of the stray voltage tests is followed immediately
by the ordnance connections

One mechanical and several electrical safeguards
will be effected during the actual electrical connection of
the ©EBW detonator and the mechanical connection of the CDFP.
(See Addendums I and II for detailed descriptions of the
hardware and circuitry):

1. RF silence and controlled switching will
remain in effect per KSC Technical Instructlon
2-13.

2. The S&A device will be verified in the Safe
position.

3. The Destruct System Enable key switch will
be in the OPF pooltlon and the key physically
removed.

b, The System Safe switch will be in the ON
position. .

The PD Block circuit is energized and the
ESE capability to de-energlize it has been
inhibited by the jumper removal.

N

6. The ETR command transmitter carrier is down

One additional consideratibn which enhances overall
system safety is the characteristics.of the ordnance devices
themselves described in Addendum III.

The actual connection operation consists of first
the electrical connection of the two EBW F/U output con-
nectors to the EBW detonators and then the mechanical mating
of the two CDF connectors to the output side of the S&A
device.

¥Pable 2 contains the allowable specification values
for the voltage checks and the resistance checks. The table
also includes some test data regarding the ability to detecc
a failure in the trigger circuit via the voltage check or
resistance check. Effect of trigger circuit failure on the
F/U cutput is also addressed.
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The disconnection process is essentially the reverse

operation with the same safeguards.

To summarize the safety of the foregoing operaticn,

some assumptions and observations are presented:

1.

It is assumed that it is extremely unlikely
that the proper combination of heat and
shock to initiate a sustained detonation
would be generated by failures such as
fires, vessel ruptures, mishandling of
ordnance by personnel, etc. This proba-
bility is lessened even more by the fact
that we are only considering a limited
exposure time and location during S&A
device connection/disconnection. It 1is
also very difficult to imagine any single
failure that would satisfy the minimum
heat/shock detonation requirements.

It is also assumed that the concern over
detonation of the ordnance train from
other than a stray voltage during con-
nection was not of any great concern
based on the relative open access (all
necessary personnel) prevailing once the
S&A device ordnance is connected.

With the multitude of safeguards listed
previously, a multiple failure (greatel
than a double failure) would be required

to even "arm" the EBW F/U. On top of this,
additional multiple failures would be
required to activate the EBW F/U trigger
circuilt.

Were it even imaginable to conceive all of
the failures of item 3 occurring relatively
simultaneously, at just the time all possible
preventative measures are effected, the S&A
device is still mechanically in its Safe
position and would limit the detonation to
just the EBW detonator itself.

FINAL LV/RANGF COMMAND CHECKS

As being considered by the Saturn V CDVWG, the final

DRSCR checks would be accomplished identically, tw1ce The
first check would be at approximately T-3 hours 25 minutes
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subsequent to LV cryogenic loading but just prior to the SC
closeout crew proceeding to the pad. The second check would
occur after the flight crew and SC were closed out, the AAA
retracted to its 12° park position, and the SC pyro buses
armed.

Both checks will be accomplished closed-loop from
the RSO console via the KSC signal generators. The decoder,
command receiver, and EBW F/U will all be powered from the

internal (A/B) power sources during their respective

participations.

ECO Signal Check

The ECO signal (Arm EBW F/U) will be initiated by
the RSO and system response monitored via ESE and/or telemetry
indicators. The safeguards (See Addendum II for detailed
circuit descriptions) . present during this test include the
S&A device in the Safe position and the PD block circuit
held enorgiéed

The only possible single point failure which could
lead to detonation of the EBW F/U detonator is accidental
activation of the trigger circuit. This could occur by
either a DC voltage fault downstream of the PD Block relay
contacts or by an internal failure within the EBW F/U.

The probability of either of these happening, at just this
particular time and to circuitry/components which have

been verified many times (including a functional check with
the pulse sensor units at Y T- 16 hours) is, again, extremely
low.

A double failure mode is also available. Should
the command receivers inadvertently issue a Destruct com-
mand at just the time the PD Block circuit failed, the EBW
F/U trigger circuit would be activated.

Should either of the failure modes above occur, the
explosive action would not proceed beyond the EBW detonator
itself with the S&A device in the Safe position. At lcast
one additional failure would be necessary to Arm the S&A
device, again essentially simultaneously with “the other
failures to create a catastrophic situation.

Additionally, if any of the above failures occurred
ind1v1dua11y, a multitude of corrective actions such as com-
mand receiver power removal, DEST SYSTEM ENABLE switch to
OFF, SYST. SAFE switch to Qﬁ, etc., are immediately available
to eliminate the hazard.
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Destruct Signal Check

Having just seen the ECO signal "arm" (charge)
the EBW F/U and alsc having just seen the EBW F/U discharge
(via the ESE voltmeter) when reset from the ESE, the Destruct
command will be initiated by the RSO. To allow issuance T
of the Destruct command without the ECO signal present, the
timer BYPASS switch must be closed.

The Destruct command out of the decoder will be
blocked from the EBW F/U trigger circuit by the PD Block
circuit which remains energized until T-17 seconds. The
Destruct signal is verified via telemetry and/or ESE
indicators. :

A single failure within the PD Block circuitry
could allow the Destruct command to reach the EBW F/U trigger
circuit, but with the F/U uncharged, the gap tube would not
break down. Should the multiple failures simultaneously
occur which would provide adequate power to the EBW F/U
charge circuit, the S&A device being in the Safe position
would again limit the detonation to just the EBW detonator
itself.

Another inherent characteristic of the EBW F/U
design (discussed in more detail in Table 2 of Addendum IT)
is that, if the trigger circuit is activated prior to the
charge circuit, the probability of successfully detonating
the EBW detonator decreases and the chance of dudding
increases. '

As in the case of the ECO signal check, various
corrective actions are immediately available to eliminate
hazardous circuit conditions should a failure occur.
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TABLE 1

S-IVB PROPELLANT DISPERSION .-SYSTEM ORDNANCE TRAIN

EXPLOSIVE

PETN

PELN
- RDX

PETN
PETN

RDX
PETN

PETN
RDX
PETN

RDX

PETN

WEIGHT/DENSITY

— .
QOO NN OOWOO NN OO N =

150

150

150

6.
€.

150

OO M OO0

gr.¥
gr.

gr.

gr.
gr.

gr./ft.

gr./ft.

gr.
gr.

QoW O WO mw © Woo 1 =O

gr./ft.

¥1 grain (gr.)

)
}
}
}
}

EBW

S&A
CDF

CDF
CDF

' CDF
CDF

CDF
CDF

LSC
LSC

LSC

= 0.648 grams.

APPLICATION

Detonator*#¥

Explosive Train
Adapter End Fitting

Train
TEE

Train
to LSC

Train

to LSC

Train

to CDF

Train
to I.SC

Train
to L3C

Train

Adapter on LSC

Connector (LH, tank)

2

Adapter on LSC

Adapter on LSC

Connector (LO2 tank)

¥¥Future units may contain RDX instead of PETN.
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TABLE 2

STRAY VOLTAGE TESTS

The stray voltage tests are performed using a
Triplett Meter Model-630-NA. The circuits checked are the
two output connectors from each EBW F/U. Each connector
contains two pins (A&B) with pin B being the positive sig-
nal from the output electrode of the gap tube and pin A
being the circuit return (see Figure 3). The stray vol-
tage checks and the resistance checks are performed from
pin-to-pin and pin-to-case.

The specification values for allowable stray
voltage and circuit resistance are as follows:

STRAY VOLTAGE* PINS | RESISTANCE¥ ¥

50 mvac or mvdc A to B _ , 3000 + 300 ohms

50 mvac or mvdc A to Case 100 + 10 ohms

SQ mvac or mvdc B to Case 2900 + 200 ohms

50 mvac or mvde Case to Ground less than 0.3 chms

Since the incentive for examining this operation
is personnel safety and the possibility of relaxing clearance
requirements during S&A device ordnance connection, the
author questioned whether or not a voltage fault in the
trigger circuit would be detected by the stray voltage check
of the output circuit. This question along with how a stray
voltage (pulse or continuous) would affect the output cir-
cuitry was directed at J. Stulting (R-ASTR-EAS) of MSFC.
The following test data from laboratory tests on a test EBW
F/U was made available to the author:

¥Lxtracted from Reference 13.

¥*Extracted from Reference 9.
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STRAY VOLTAGE AND RESISTANCE CHECKS WITH
CONTINUOUS 30 VDC APPLIED TO THE TRIGGER CIRCUIT

STRAY‘VOLTAGE* ) PINS RESISTANCE
0 m&dc 0 mvac A to B 3000 ohms
27 mvde 100 mvac A to Case 92 or 108 ohms¥*¥
20 mvde 100 mvac B to Case 2800 or 3000 ohms*#*

Using a Tektronics 555 oscilloscope, the stray
voltage checks were repeated:

STRAY VOLTAGE PINS
1.7 velt spike @4 ms intervals A to B
2.6 volt spike @3 ms intervals A to Case

2.6 volt spike @4 ms intervals B to Case

A continuous voltage applied to the trigger cir-
cuit either prior to or simultaneous with the EBW F/U charge
command (ECO) would result in the failure of the EBW F/U to
charge. This is due to a circuit (see Figure 3) within the
F/U which is designed to bias-off the charge circuit
(removes the F/U drain from the A/B battery during output
capacitor discharge) when the Destruct command 1is received.
A trigger input received while the F/U is 1n process of
charging (see Figure U - Typical EBW F/U charge curve) would
discharge the output capacitor into the EBW detonator if the
output capacitor had built up sufficient voltage to break
down the gap tube. As noted in Addendums II and II1I, the
gap tube will break down between 600-1200 vdc but the ALL
FIRE criteria for the EBW detonator is 1800 vdc. Voltages
high enough to break down the gap tube but not high enough
to detonate the PETN or RDX within the detonator will most
likely cause it to "dud".

A pulsed stray voltage fault on the trigger cir-
cuit either prior to, simultaneous with, or subsequent to
the charge command (but prior to adequate ALL FIRE charge)
will probably negate proper detonation. Since the trigger

¥\ Triplett Meter Model-630-NA was used for this test.
It was reported that the meter sensitivity and response was
not sufficient to detect trigger faults when a pulsed input
similar to that expected in flight (30 vdc, 20 ms duration
every 200 nis) was applied.

*¥%¥Dependent upon polarity of the meter leads.
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input which is normally expected out of the decoder is present
for only 20 ms in every 200 ms, the charge circuit would be
allowed to charge for the other 180 ms. The following lab-
oratory tests indicate how long the output capacitor takes

to charge sufficiently to break down the gap tube with a
simulated pulsed trigger fault:

A. Test Configuration

In all four cases, 30 vdc was applied continuously
to the charge circuit at To.* Simultaneously, a control

switch was closed to the trigger circuit applying a square
wave input (30 vdec, duration—~x32 ms, frequency--%every

165 ms). Since the square wave input voltage could be at
any stage of its waveform when the switch was closed, the
voltages weren't actually applied simultaneously. The
PULSE TIME column indicates when the leading edge of the
trigger pulse was applied to the trigger input with respect
to TO. The test load was varied as indicated. A Tek-

tronics 555 oscilloscope was used for all test measurcments.

B. Test Cases

1. Load - carbon path type squib

Data -
PULSE PULSE TIME OUTPUT CAPACITOR VOLIS (vdc) REMARKS
First -15 ms¥¥ ‘ 0
Second +150 ms ’ 1100 ——= 1000 HEX
Third +315 ms 1600 ——s 0 Gap tube

breakdown

Note: Subseguent to the initial gap tube
breakdown, the circuit recharges
sufficiently to break down the gap
with every other trigger pulse.

¥Time zero

¥%¥Circuit to trigger was closed 15 ms prior to the end
of a square wave pulse.

¥%%¥The apparent slight discharge is a result of the output
capacitor discharging through the bleeder network while the
charge circult is biased-off.
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2. Load - Same as Case #1
Data - -
PULSE PULSE TIME QUTPUT CAPACITOR VOLTS (vdc) REMARKS
First +70 ms 750 ——= 650 ¥
Second +235 ms ‘ 1350 7™ 0 Gap tube
Note: Cutput civauit discharges every 2nd

pulse similar to Case #1.

3. Load - Output shorted
Data -
PULSE PULSE TIME OUTPUT CAPACITOR VOLTS (vdec) REMARKS
Firsﬁ +120 ms 1050 — 950 *
Second +285 ms 1560 \\;, 0 Gap tube

Note: Output circuit discharges every 2nd

pulse similar to Case 1,

Load -~ Open circuit

- Third +390

Data -
PULSE PULSE TIME ‘OUTPUT CAPACITOR VOLTS (vdc) REMARKS
First +60 ms _ 650 —= 550 ¥
Second 4225 ms 1250~ 600 Gap tube
ms 1250 ~—a 500 Gap tube

Note: Output circuit discharges everg'

trigger pulse after the initial gap
tube breakdown but does not discharge
to zero volts due to the open load
circuit.

breakcacwn

breakdown

breakdown

breakdown

? ¥The apparent slight discharge is a result of the output
| capacitor discharging through the bleeder network while the
‘ charge circuit is biased-off.
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following

1.

The foregoing discussions and test aata allow the
conclusions to be drawn:

A continuous voltage fault on the EBW F/U
trigeer circuit would be detectable using

the Triplett Meter Model-630-NA even though
the resistance readings are within specifi-
cation (although offset) and the voltage
readings are not grossly out of specification.

A pulsed input fault (similar in waveform

to the decoder output) on the EBW F/U trigger
circuit would not be detectable using the
Triplett Meter due to the inherent meter
sensitivity/response time.

An oscilloscope (or possibly a more sensi-
tive voltohmeter) would more positively
detect the fault of item 1 and would allow
detection of the fault of item 2.

A continuously applied trigger signal prior
to sufficient output capacitor charge would
negate gap tube breakdown. A trigger signal
applied after the output capacitor reached
sufficient magnitude to breakdown the gap
tube but below the EBW detonator ALL FIRE
value could result in dudding rather than
detonation of the EBW detonator.

Pulse inputs applied to the trigger circuit
prior to the output capacitor reaching the

'ALL FIRE (1800 vdec) value could also result

in dudding rather than detonation. The four

test cases revealed gap tube breakdown at
1600, 1350, 1500, and 1250 volts DC,
respectively. '

Admittedly, a fault in the trigger circuilt
might not present an immediate hazard to the
personnel connecting the circuit to the EBW
detonator but an undetected fault in the
trigger input circuit could make the PDS
more susceptible to a subsequent single
failure as well as prevent the PDS from
performing properly (if required) in

flight.
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7. The stray voltage test (with a more sensitive
measurement device) is perhaps the only ade-
quate means of detecting a trigger circuit
failure since the PD Block function prevents
the ESE and/or telemetry from monitoring
downstream of the K4-1 contacts in the RSS
controller (see Figure 2).

8. It should also be stressed that a failure
(which could apply power to the trigger circuit)
with power removed from the decoder/receiver
and EBW F/U is extremely remote and even dif-
ficult to imagine. Because of this, the
author later concludes (in section 9.0) that
the stray voltage checks arc adequate to
protect the ordnance crews during connection
but this should not be interpreted as reason
enough not to consider the data presented
above.
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AAA
A/B
AC
ANT
AUTO
BATT
C
cal
CDDT
CDF
CDWG
CKT
cm
CMD
CSM
DAC
DC
DEST
DISP
DRSCR
EBW
ECO
ENG
ESE
ETR
EXT
F
FTS
F/U

TABLE 3

ABBREVIATIONS

Apollo Access Arm

Airborne

Alternatihg current

Antennea

Autcomatic

Battery

Common, Centigrade

Calorie

Countdown Demonstration Test
Confined Detcnating Fuse
Countdown Working Group
Circuilt

Centimeter

Command '

Command and Service Module
Douplas Aircraft Company
Direct Current

Destruct

Dispersion

Digital Range Safety Command Reveiver
Exploding Bridgewire

Engine Cutoff

Engine

Electrical Support Equipment
Eastern Test Range

External

Farad, Farenheilt

Flight Termination System

Firing Unit
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Table 3

GBI
gm
GND
gr
GTK
Hg
INT
1U

kg
LC
LCC
LDI
LLO
LM
LSC
LUT
LV
LVO
MDI
MDO

OATS
0SC
PAFB
PD
FDS
PETN
PROP

- T3-2 -

Grand Bealana Island

gram

Ground

grain

Grand Turk

Mercury

Internal

Instrument Unit

Relay Designator

Kilogram

Launch Complex

Launch Control Center

LCC Computer Digital Input
LLCC Computer Digital Output
Lunar Module

Linear Shaped Charge

Launch Umbilical Tower
Launch Vehicle

Launch Vehicle Operations
LUT Compliter Digital Input
LUT Computer Digital Output
milliseccnd

Mobile Service Structure
millivolt

Overall Test Set
Oscillator

Patrick Air Force Base
Propellant Dispersion
Propellant Dispersion System

pentaerythyrite tetranitrate

Propellant
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Table 3

PWR

RCVR
RDX
RECT
RF
RSO
RSS

SC
SCO
S&A
SV
Syst
TCS
TD

- UHP

vac
vde
VOLT
XFER

- T3-3 -

Power

Return

Reset

Receiver
eyclotrimethylene trinitramine
Rectifier

Radio Frequency

Range Safety Officer
Range Safety System

Set

Spacecraft

Spacecraft Operations
Safety and Arming

Space Vehicle

System ‘
Terminal Count Sequencer
Time Delay .
Ultra-High Frequency
volté alternating current
volts direct current
Voltage

Transfer
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